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(54) Title: CHIRAL TWIST LASER AND FILTER APPARATUS AND METHOD 

(57) Abstract 

A defect causing a localized state is induced in a 
chiral structure (12) composed of multiple chiral elements 
(20, 22) by twisting one element of the chiral structure with 
respect to the other elements along a common longitudinal 
axis such that directors of the element molecular layers 
that are in contact with one another at contact area (26) 
are disposed at a particular "twist" angle therebetween, the 
twist angle being greater than a shift angle between directors 
of consecutive layers. The chiral twist structure may be 
utilized in a variety of applications such as filters, lasers 
and detectors. The defect caused by the twist may be made 
tunable by providing a tuning device for rotating one or more 
of the chiral elements with respect to one another to vary 26 
the twist angle and thus vary the position of the induced 
defect within a photonic stop band. Tunable defects may 
be advantageously utilized to construct tunable wavelength 
chiral filters, detectors and lasers. 
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M©a&r//X«3S5©«©BB<DSi*«S (dielectric diff 
e r e n c e) £*i;bn£-l±3 C £: t £ t> , VC S E L s ©14^lR]±*-BrS^ < 
<0ffi(W»«nft. L*L4!!C6c<DSStt, *0X**»)*«ja-oH«IK:-r*. 

mvmat. cnc»©st^a'»iRtc<fcf3^^nsffi , Sfefe*o vcsel 

o VCSEL s©fcJ6Cft3^Kffl^E>n**m«» Et/->JSl«a^«tcS^mS! 
OfiVJRlR&^V^Vx^^XnVh^X)- (index contrast 
) ^'l/Tl^. IJK, 1. 5i^D>£a©IO/^l>'(cominunic 
a t i o n band) lC*5V>TiS^KIrtt;£}ij£-r 5O(ifflliT'feS 0 
[0 0 1 0] 

VC S E L s<9JSi£iSt*|3]iS!;£-ti:3 (tuned) CtliT'^-T. * 

5t\ If— **Vf^-f— fcfettay-OfcJMRLTVC S E L3Mc*5 

Hfcffl^ft tttifcf ft ?> ftv\, 
[0 0 1 1] 

z&m? zrz&cD EMy -< ;i/^-* ( t$nSo *o<fc-5ft7-f jvz —amtmrn 
Mimsicii, stfnfcjsst^ts^eitii-rsfciio^v^EMeimgi^sn 

So 
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[0 0 1 2] 

Jfl^, 3L/Xx'J-y^SOi:5S:^;l/#^A^ VC S E L s<£><fc5&^P 
B^^^A-i'X^Ji^.'S^lnl^-a-^Tctof^ ^tH&b-v^* (1 a s i. 

ng) , •? << >\sZvi/7msm<Dm{&<DmmK*>^Tm^tbnT%rz<, #j;u£k 

o p p e t a 1 . <D[lB?&Jl«I^IiM*BI#fffcBlgj "Chiral Las 
er Apparatus and Method" (S/N : 0 9/4 6 8, 

14 8) it. mtummic ^^wm^n^m^M-t^m^^^m^-^f- 

[0 0 13] 

fcfelSL^. VC S E L s tmMV3Z>Zt>\ *tl± 0«tlfc^fiJftttK**L, 
, iOV C S E L s<O^OV-rnfe#LTt/^l/>|nIIinrfi6&^-77l/U— *f-» 

isatj^a^aw-r * ctt^s tea* 

[0 0 1 4] 

> SV^SMLTt'>S^©^Jg©-7 ? -r (directors)^. 
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[0 0 15] 

*Jl* U >^"-T2>/-ci6<D EM7^W-i: LT+^^-YX MPUt^rfflV^ d t 
[0 0 16] 

[0 0 17] 

^e^@)^LTfee^C46Pl^Sn^5T'l^-i/>^^^ (p r o d u c 
e 1 a s i n g) IbeiglcaJS^nrcy-l' >^ (gain produci 

n g ) mmum^ts 0 m&mttin*.. +5;wxmaoy^xKift 

[0 0 18] 
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[0 0 19] 

&dBtE*^W&^fc%S-e3&5-5o LfrL&#£, % 0ffii«0!l^;<DU W«D*Tfi3f 
Stu *»IBOBItioS«i:brRW-*nTttls6-r, *Wli©H*McHLTH: 

[0 0 2 0] 

c»s H/^ssjBaio»jiaaiE«] 

[0 0 2 1] 

nl/Xf'J-y^fi, GOAfcfnUX^U vi'JKS (TIB^tt rcLCs 
[0 0 2 2] 
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-f, u n i ty) tca-TSo cn60tt»OX^*h;l/««4C LC«t(tftfc*tt 

57t h>fcH-r*»«»i«ois»fc:jt«ir*o hyi/WicaEu^ttaic:*** 

o <m«Jt|H|«at?nrcA. Z. Genack et a 1 . <D "S t o p 
Band L a s e r" <D^sffcH« (S/N 0 9/30 2, 6 3 0. 1 9 9 9 
*MJt3 0B*l») fc«fcSiB»£nT*5t), *W4H6t^-4CLCp-ett 

fcAMc. 7*F>7h y^^y v^U— ^y^tf^Jjcfic £ c fc^flfl 

[0 0 2 3] 

^HX«ifllfP©Ra*KO»o<fcaft^W*C L CWifi+JcSIA-rsi:, alio 
[0 0 2 4] 
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4. 

[0 0 2 5] 

o^;vm^i o^^tiTi/^ 0 «g*2 o. 2 2ic&^rmm(Dft?mtf^ 

[0 0 2 6] 

*^SiR2 2^©#?IE(&K:fct*3*ft*^rfcafc:. 5^fcStLT^2nTl^ 
[0 0 2 7] 

BWt5*7;l/S*2 2*tA,W« 0 H2B*#HR-rai:. @2A^l/ 

T tt 2 Ok L < «*n J: t) ^^7/HIOi»ffi(?)f^ U**-OB©ftflr?f 
fe£o #*5*E*2 0, 2 2*©<D^?iOf-f 1^^^— hft ( 
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fc, fc[fcTtt#*L<Htf?19 0«»fc8te;£ftS. T*9 0»±0^^lt»St 

sa^Tcstts^ JHftfbKSitffiiSbrssoJWiirr«^ic^7 h-r*. 

m\ BRtf2 A<D*^;HS3tl 2, 1414, 7*;!/*— % *f— atf«im»0 
[0 0 2 8] 

o^©*^;b«^cfev>Ttt«jaw>:iS-«*tf*v;V/U— -if— 2 

o corns. &W(D£5&tom&xfa£-%te* ; 7frV'(xb*:mmicmm-rz> 

cnti9 0°CDT tmm-V&Z. 7* M^VK^-V^ytCfc^TJl 

a^Pfi*^g*8TSijof=fiiojp^*^rrs«^-, »«Efl:tti8*7* h>xi> 
co 0 2 9] 

CCTEl3^#^-r5i:, EM7-f^-30i'iSnrv^„ 7^;^-3 

ott<wfc*3 2tj;^%-are»n«^7-<;b^'j>'^-rs 0 (Sftjg3 2i±®yt? 

fcHS-g-Stlfcl'— If— XttflSO^filtt (directed) ^ISi&jrr'&S C £ 
tfTfS. 7-<;l/^-3 OCi, fllAfcfaL'X-rD (CLCs) T-feSc 

h tfTi* £ 2 ~D<D*^ )l>mm 3 4 Rtf 3 6 £r§-^ ^na^Ojffittlcjtto T5i^ 
tcMLTfeUnTioO, !fttt£3 7tt5lt«#^^;l/gig3 4, 3 6<£>»«!®<75 
5** W^-tfSWcKLT^X h^TttS (02 A&tf 2 B*#Bg£nrt 
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[0 0 3 0] 

7 3 OOWttOJHSfcHBl^T. S*7;l/gf3 4, 3 6 0S?Ltifi 
Ofi«^iRiatf*5;l/SiR3 4, 3 60fr#**a6tffcBJ|50WBSf«fe:fc« 
[003 1] 

7-f7l/#— 3 OOJBlO*«BBM»C33^T. 3fc«3 2#6lsMEfli ( TR C P J 
) )t (r i gh t circularly polarized ( "RCP" 
) 1 i g h t) %7*)V2-3 0«8U *7^S*3 4, 3 6^¥tfl 

siR3 4. 3 6©w»ftttticfflrr«o mtfiHJftfo. oe^si^ 

X&&I1 l~l 3 ^*n>Tfe£ 0 fr< LTRC P)t*^>r;l/*— 3 OKAtK 
L^X*it*$mi !7-<;b*-3 0«4Sftffc«M8<!D«[ft8LU:l3»*»&*l» 
l^T7t h>Xh7 Frt<D^T©ifeK*J5a**r £ (SI 9 &&MZnfc^ 

) o 

[0 0 3 2] 

■7><;i/^-3 o<Dm2(ommmmic^T, ytm3 2immisM ( tlcpj 

) ft*!7>r;l/*-3 0£2£U ^7/l/gl3 4, 3 6*<£###«B&"efc£Jl'& 

*X«kt)*#^*&. ~7<<frZ-3 0«jaaE{tR«8Oififi8BK:*W&»5V>afi 
fW£^ISfK^T(D&g£ig®;*^S (0 1 0 fifci^) o 

[0 0 3 3] 
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XhftT^SilttfT'tSo IrIIH^S3 8{±. i o©*5';^gi^lo^t^^7^<D* 
^ST-.g£;r i:#T'££ 0 mm&&3 8lcv-**hm*: : g.z.-£-&Z£tlc£t> 
, 7-r;l/*-3 o^HOUIS-t*, (tfflSS8t C7^*-3 ooJB l €>l«!fi&ag1$ 
O) Rtf7-f ;b#-3 0 OS 2 OHMS© 8 b 5 ->7 N c i: ft 5 0 

T^iS'>-r^h, ffifi8 L St>*8B©ffi73t±Nil^ttJj£bTj)S'>b, *©a»t,MC 
T-feSo 7 3 onWiW&MtcotMz^ T(i»tL<tt9 o°tci£Sti 

3„ +7^3 4^ 3 6#;£¥£€#|jgOit£\ 7^;U#-3 OOS& l&t/Mi 

CO 0 3 4] 

C<lT'ia4?:#Ba-r5t:. E M&IBB4 0 *<^?nT^5. &ffi3§4 0 &7til§t 

(CLCs) T'£5 C t T# 5 2 00*7;Hf 4 4 4 6 =tt\\t 
4 4, 4 6<0jg«iffi©TV t^£ — i^'SX^ic^LX^^T, h^lT£$5 (13 2 A 

RV2 B*#jsa«tifcvo o tarns 4 ob, jaa<ti^©flmfc#j^*»^ 

*tt«fcttft«*4 8*«<ci:tt» *W»4 0<oaW*«*t-r*. tt&lK* 
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[0 0 3 5] 

4 0KAS)t©a»raia;Rtttr9;l/gllt4 4. 4 6<Dtf-¥***6tfl«:BKS©* 
CO 0 3 6] 

mis tircT&micisifz, r c pye^m-r-s «t 5 Ki&is.znT^&tkmmi o © 
m i ofeHaBSHcfti^T, ye»4 2 # r c p«**m»4 otsu 

4 4, 4 6**¥StijfiT65«^, &ttt»4 0tt, (Rtf/Xtt* 
8 ©JUS) **HB*lfiHi:-r*raft{tttffiK:fe»t*^K»5V» 

Xtt*^l/BJlS4 4, 4 6©S®jT#tttCflc#-rSo «*.tf«JB»r*<0. 067 
3S5i§-£\ X«S& 1 1 ~ 1 3=^o>Tfe3„ fr< LTRC Pft*Wi?f§4 OK 

[0 0 3 7] 

«m«3 0OSB2O^fiBI8«fc:fcli-«T, flftM 2*^01601 ( TLCPJ ) )t 
ftftt&JMOICSU *^;b§*14 4, 4 6tf6?ttffiST«Si^. ttttlH 

#vi:<5;£-f 3 0 *><bTLCPJt*^mS4 0CAt), L#X£ t> 

. &ms§4 ottjamb^8o*fi8Bfc:*frj*»Et'>«sfifi«*i«<-r^Toi6s 

j£inMT& mi 0*#JH**ifcvO o 
CO 0 3 8] 

£5fri;feiS?nf: , ^7hftT4*t5+7/l'gi4 4, 4 6*401-*-* 
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SJg 4 4 fe b < « 4 6 <D 1 0£*J£;*ttfcffS<DI!3iHga 5 0 ^tltS 
4 0«IWK*. ffffl»ft8L (*a»4 0<0JBlOH«Mt*©) atf*ffi»4 

0©SB2©j|fi6ffi«©8B£i'7hS-e*di:#-e#;5o T^w^-r«t, i&g 

gJ8ttfii<Dfci6»C, Ttt»*L<tt9 0»l£3lffiSn*o *7;Hf4 4, 4 6 

*«ii©*&, &mt§ 4 0OS1 ai/m 2 osmwoaM&ttttttttis 

[0 0 3 9] 

, ^ft{k^PS«ffi^fett«AI*^5.^KlJX3i^;U4 ; -0«3b^4 0%T'fcS/i 
feC SS*jtMifcAJ£2 0 OflgtainfS^T?, *-5A4*tti»4 0 fiWfC^jTfe 

[0 0 4 01 

C CTH5*#JST*fc, h U—tf— ©SB 1 4)£ffitttt6 0#jK 

SniV>4, *7;WXhU- »f— 6 o«> tfiRtfnux-ru^&s (CL 

Cs) T*65ilt^T't520€*7^6 2M6 4^*, ZMZ^evm. 

6 4 0»»M07 , -<Wf **SV^BBbr*y^XhftTJC** (0 2 Aat>*2 
B£r#Bg£nfcV\) o ^^XhU- tf-6 0 >*£t?7ii6©jg14fS 
ft*m»6 6. mtf«it^-f*-K (WtfGaAsm-F) fe, ttfejft 
6 7 £»<^T^-ty. «ftt*»6 614 : l&±# K-e^JtlfctW, ^rL — hfb 

£n^?&±#K-fc!>^£nfr*m, «a#'jv- 
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&{cPS6.nSt>ttT-tt^v^ EMjg7 Oti^fttme £6frUJ6ffi 

fctfT-#, fcSVMiX, fg^»6 6*<^«Klffle^T?a&S«^ EM»7 
[0 0 4 1] 

v^-rn©*-^*,, e Mast 7 otzu:*sBfc*ra6 evmmmmmz^&Ltb, 

->*>^ (polarized lasing) £3l#*BC-r<, JBttt«6 6ttS 

ftfflttL^i^ Thrift 4 5°ti:^L*^n(f*&*^o 
[0 0 4 2] 

6 2 . 6 4(D1SL«, *7;b^7M/- If- 6 OCO^tt^Rg 
SCS^T«tIBTS8. *5*^XH^f-6 0<«iltB, 
fft6 2, 6 4 0M-###ft6tfli:S*6 2, 6 4 0%ja#HB IC So 
[0 0 4 3] 

s^tifc u—i/>-!rt&mcjs^-z r c p b-^m^si^ {cfgjjg^nT 
^s+^^-y-fx h u— r-6 oo» i ©Hflsagfcfcfci^T, &mma 6#e 

Mjg7 OtCfcfJJHjjg^n, *7;HI6 2, 6 4 A^^##«jgT'fe5^. * 
h U-f-6 0 « LW^SCfltfrrSffl*©^- KT-fflK Tfe5^ 

1) L#fc5frUi&&fc6nfclBteX*^<Dl§-e\ ^^l/^-fX h U— «f— 6 
OttRCP Is— *Jl/?&5£?2> ; 

2) L#fc&fruaftfc5ftfc««Xi:*fl^LV'»&, *7;l/7^hl/- 
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if-6 ottiB«o«3ttu— ^>y**-r* ; fit 

- 6 0 ti L C P ls—is>t?%:ft'?2>o 
[0 0 4 4] 

■«Xtt*^l/SX6 2, 6 4©ffiBf«Httft#tSo «*tf«JB»rtfO. 
0 6T*fe^ Xteftl 1 — 1 3 = ^o>T*fe^ 0 fr< IT^WXhU 

1) L3b%10 5*n>*»oa^ *5;W^H^-if-6 0llRCPU 

3) L««»l 2 5*o:/«fcD*;*V*»& % ^7;WXhU-f-6 0tiLC 
[0 0 4 5] 

0«aaffiY^*3V>Tffia^Jc3»*rSSTy ^ — > (returns) 
£o *7;l/fi*6 2. 6 4O«lSftf0. 0 6©i^ g§fn<B 

Yte^Jl 5 ^^UVTfe^o 
[0 0 4 6] 

*6^i:«)S^^nfc^^xhftT*^*rs*^7i/BjR6 2. 6 4^*px*rs 
giR62tL<tt64oi okiaiss nfcffi*oiRiaiisiB e 8 

^li^tm^ ^li^S6 8ti, io^7;l/Il^MO+7;Ht 
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f5 ^ L KHSl^T R C P)t^t5t^5 3 0 
[0 0 4 7] 

^tiTl/^o *5;WXM/-If-8 0I4, eU^tf3lxXxU^^S$S (C L 
Cs) T^§C^^t§2^OT7^i8 2M8 *tl«*0» 

8 4<7Dgttffi<DirV l^£— ^SvHCBtlbT^Xhft TtCfc* (0 2AM2 
B^#Rg^nfcV^) o »SKW7;l/gi8 2, 8 4tCfg7ttt^SMWt L< 

§BBW»6 6*frr*«t>DK:. W>-SI#»tf**7;l/S«8 2, 8 4^ 
mc^LT^^j^-V^jV^^X h If— 6 0 hg^So If— 8 

(Hi. fl&©j£T?ti\ EMS8 8, **LatfRI»l»8 6^liLT+7;WXh 
b-1f-6 0hS{«LT<iKo 
[0 0 4 8] 

h93E<DB 3-6 o*^Wi©mK^t8tt. 2 o<D+^;l/S^«ft-T 

ssLT^atf, *^^^3^7;i/^^xhaigtc^^T2Ocfc0^i/^a»c-r 

«*7;l/BXft« SJf©lK©Pi«ifc LTttflJT*Sc fctitjtLfttJtilf 46 
[0 0 4 9] 

oo^ntt^o +7;Wxhifii o ote 

3 0W7;HI 1 0 2. 1 0 4&t5 1 0 6£r^, ^tn^tKOmmitS.^lcm 
U ^mi 0 2Rtf l 0 4(ifn6^g»f^r W^-AMBOS©^ 
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1 0 0ft 20^H5>b^^ h>Xh*y^^>Frtii:2ooJ3aE{ttt^*SI»-r 
5Ci:^T+7;WXh7><^-3 0M*7;WX h&m§§4 o £ 
SiffiiLTiSir. :?><;b*-3 0X«4*tti84 OttWfft+^^BJR 1021:1 
0 4 0KMIil 04i:io 6 0fflO*y-rxh^fe»««-^HiK:34l£-rs^n 

^noftfflSftTfes 2 a^iKSTR^tcffl < -5 o ^ >f x h ft t i t 2 

tt2«OBIBW*l*a*1ll«T»<7-f;U*--3 0Xtt«tH«4 0*«fl|-r*C 
[0 0 5 0] 

2 OO^ntl^o 4^7;WXM/-f-2 0 0«3OO+7;l/g*2 0 
2, 2 0 4&ff2 0 6^, *S*tiH7 0*^;l/^-YXhS}iai 0 0*c3giH 
UT^XhftTiRtf T2fc43^TS^k:|!BbTfai:nr^So f»fc*f»2 0 8 
Rtf 2 1 0 A^tlftlli 2 0 21:2 0 4 <£> WRtffiJIS 2 0 41:2 0 6 <D[g|tcB 
^nTl>4o 5Bt#fl2 0 8. 2 1 Otel^5^f£ft»5ft6 6 UTS 

&o ©jess 2 i 2M 2 1 4iittfc?&*n*n<D&ffitn2 08x14210* 
SKW^SteffcLTEfrfiU r^SIT'i/-»mx§ci:^r't5 0 *y 
^xhftTiaffTz ©*n«i*«* * c k *c <t 9 . nftica* 1^-^ 

[0 0 5 1] 
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imi a] 
[ia i b] 

[0 2 A] 
[02 B] 
[03] 

2oco+^;bg^^rfflvTv^*|g0^om i ^+5;i/^YXh-7'r;U^-tDll 

fiffig«l«DI»&0o 
[04] 

[05] 

[06] 

*%fimm 2 o+^/i/^-rx h u— «f-onjtas«oieH 8 

[07] 
[08] 

2 o<fc t> ^V>+-5;l/Mfg«:fflo-'T v>S*%K<D^ 3 <D4^;l/-y-l'X h U— If— 
©*ffi<!RfiUDII&0o 
[09] 
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[010] 

aMSBttEs in 2 b ~0 6 (Dmmmmcom 2 oweommi^Rits. 



can 

FIG. 1A 10 FIG, 1B 
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